Abstract. Based on the analysis of the cigarette sales in past years, this paper introduced an effective and relatively precise method to predict the cigarette sales in China. The latest cigarette data published by government was collected to apply Markov Model. A novel way of processing sales data by sales ratio was adopted in classifying the states. In the prediction table constructed by the transition probability matrix, weighted average method was utilized to quantitatively and accurately simulate the sales prediction. Finally, the relative error between predicted and real national cigarette sales for 2012 to 2015 are -0.56%, -0.84%, 3.11% and 4.39% respectively. The research results offer the reference directly to enterprise investment decision and the industry development strategy.
Introduction
China is the largest cigarette production and consumption country in the world. Cigarette industry accounts for average 10% of the total amount of tax income in China, much higher than the 2% in the developed countries [1] . In recent years, cigarette sales have improved continuously. Thus, obviously, the cigarette sales prediction in China counts hugely for cigarette management and government budget.
Studies on cigarette sales prediction, especially those through modeling, have been paid enough attention recently. Markov chain can solve the problem of data accumulation and improve the accuracy of prediction [2] . The cigarette sales, as a characteristic value, present a dynamic changing process in different years. Markov theory, has the nature of linking the future state of system associated with current state, therefore applicable for this situation. The Markov model, as a quantitative prediction method, forecasts the future development of system by utilizing the transition probability between system states. The transition probability referred to the influencing degree of all random factors, reflects inherent regularity of different states [3] .
Therefore, this article aims to provide a fast-calculation way to predict cigarette sales in China with Markov Model to help the tobacco company manage better in terms of inventory, production schedule and prospective development strategy, etc.
Methodology
If we take the annual cigarette sales as a set of random variables which continuously change with time, Markov prediction model can obtain the initial system distribution at current condition by analyzing current system data. Then by analyzing the data in the following system state, we can calculate the transition probability between the two states. And thus, probabilities of different states based on initial state are specifically obtained to accurately and effectively predict relevant data of different system states in the future [4] .
Data Collection
In this paper, the national cigarette sales between 1998 and 2015 were derived as open statistics from National Bureau of Statistics of China (NBS) [5] . Table 1 showed the variation tendency of cigarette sales each year. It could be found that the sales were a process of dynamic change with growth rate varied largely up to 10%. 
Modeling
State division was of first importance to apply Markov Model. An adaptive criteria consistent with growth trend was considered for the state division. Its state could be divided into n states, expressed as Eq.1.
In the Eq. 1, D i represented the i state, d 1i and d 2i represented the upper and lower bound of its state interval. In this paper, we divided four states based on every two years' sales ratio. And we adopted the average value of each states' interval multiplied with its total transition probability to calculate the expectation ratio.
Second was to build the state transition probability matrix. The times of original samples of which the state transferred from D i to D j through k steps (here years) was represented by S ij (k), and the times of state transition of the state D i was represented by S i . Consequently, the transition probability P ij (k) of state D i transferred to D j through k steps was shown as Eq.2.
Then the n*n state transition probability matrix for k steps was as Eq.3.
Third was to prepare a list of prediction table. The statistical rule of all state transitions in the system could be reflected in the state transition probability matrix P ij (k). By studying the matrix, the future development of the system can be predicted for establishing the prediction table. The preparation method of the table was as follows: Firstly, choose the time close to the prediction year, and then determine the transition step number as 1, 2..., or j according to the years away from the prediction year. Secondly, in the transition matrix corresponded to the transaction step number, take the row vectors corresponded to the initial state to form a new probability matrix. Then, calculate the total value of column vectors of the new probability matrix, and finally obtain the value λ of expected sales ratio through weighted average calculation [6] .
Fourth was to figure out the sales prediction. The cigarette sales E can be calculated after the sales ratio value is determined, and the specific equation is shown as Eq.4.
Results and Discussion
The accuracy and feasibility of Markov Model were tested through the comparison between predicted and real cigarette sales. Through establishing the Markov Model, cigarette sales between 1998 and 2011 in China were collected to predict the annual sales from 2012 to 2015. Then the real cigarette sales in those four years were contrasted with prediction results to verify the model.
State Division
In this case, since the growth rate changed with a wide range, the sales ratio between the year and previous year was innovated to divide different states. Four states were distributed with the principal shown in Table 2 , and the division results for national cigarette sales were shown in Table 3 . 
Preparation of Prediction Table
By utilizing the Eq.2 and Eq.3 along with previous state division, each state probability in the matrix was eligible to acquire. The state transition probability matrix from one step to four steps was specifically shown in the following Eq.5 to Eq.8. 
P(4)=[
Establishment of State Transition Probability Matrix
By choosing the year close to the prediction year, as well with its initial state, a prediction table for the calculation of prediction ratio λ can be established by the method mentioned above. Usually, the prediction table only showed the predicted state's maximum probability without specific prediction value. Here we weighted probabilities multiplied by their states' average interval value for four states to calculate the prediction ratio. The final prediction table was shown in Table 4 . 
Calculation and Verification of Prediction Sales
After the calculation of λ in Eq.9, the sales prediction for 2012 was 2526.075 billion counted by Eq. 4. The real sales value in 2012 was 2540.3 billion with -0.56% relative error compared with the prediction value. In the same way, we can achieve sales prediction in 2013, 2014 and 2015 for 2554.444, 2689.142 and 2727.515 billion respectively. The comparison with real sales value was shown in Table 5 . In contrast with the actual cigarette sales, the reliability and applicability of our model were verified successfully. 
Conclusion
Hereby, we provided a fast-calculation way to predict national cigarette sales based on Markov Model. The state division method relied on the sales data itself as well as the weighted average algorithm in sales prediction promoted the accuracy and feasibility of this model. The relative error of prediction sales achieved lower than 1% in 2012 and 2013. Due to various reasons like smoking-control policy and increase in tobacco tax in China, cigarette sales in recent two years dropped with relative error still validated under 5%. Therefore if factors affecting the sale of cigarette were considered into the calculation of states transition probability matrix, the accuracy of the model will be further improved.
